from an existence of the upper hybrid layer in the corresponding space. That is, the Bernstein waves are launched in the higher density region between the two upper hybrid layers of the inhomogeneous plasma. The upper hybrid layer is given at the position of fp (X) = f f where fp(X) and f are the local plasma frequency and the applied frequency, respectively.
INTRODUCTION
RADIO FREQUENCY heating has established itself as a viable method for heating plasmas to thermonuclear temperature. Steady-state current generation in tokamaks by radio frequency waves has also received much attention lately. Ray tracing is an indispensable tool for studying the propagation and the energy deposition profile of the wave energy in complicated magnetic configurations. Almost all the work on ray tracing published to date assumes the plasma is cold in calculating the ray trajectories. Of course, the plasma of thermonuclear interest is never cold and sometimes can be up to hundreds of kiloelectronvolts. So it is always a nagging question whether the assumption of cold plasma for ray tracing is sufficient. It is the purpose of this note to try to answer this question. [2] for every element of the dielectric tensor. If the temperature is relativistic, the matter is even worse; one has to compute the double momentum integrals and their derivatives with respect to k and r. Usually there are about twenty double integrals to evaluate for every time step! On the other hand, if the plasma is cold, then the calculation of the determinant only involves algebraic manipulations. Weitzner and Batchelor [3] have shown that U.S. Government work not protected by U.S. copyright For the cold ray tracing, the accuracy is good to roundoff. For the warm ray tracing, the error is typically a few percent (see Table I ). The error is computed using the formula:
error t COo -('r I/(-o) X 100 percent. CONCLUSIONS In conclusion, we find that for temperature of interest to tokamak research, ray tracing with cold plasma dielectric tensor is quite sufficient as long as the validity of ray tracing are met [1] . But for temperatures in the hundreds of kiloelectronvolts range, such as those encountered in bumpy torus and tandem mirror, the general approach by Friedland and Bernstein [1] must be used. The absorption of the wave energy, of course, must be calculated with the warm plasma dielectric tensor. fill the requirement of low resistance during the conduction phase and high resistance during the opening phase. For fast opening times, which, in general, require rapid depletion of the electron density, the discharge has to be attachment-dominated in the opening phase. In optically controlled diffuse discharges the influence of the light can either be to enhance or to decrease the conductivity. For processes that increase the conductivity, the opening effect is achieved when the laseris turned 0093-3813/83/1200-0263$01.00 © 1983 IEEE
